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Abstract 
Surface architecture can influence mechanical properties, such as adhesion and friction, in many 
natural systems. The careful study of these systems elucidates understanding of the many biological roles 
these properties serve and the mechanisms by which they occur. One means of controlling surface 
mechanical properties is through shape complementarity. Predicated on some natural systems’ surface 
architectural design, shape complementarity can be used to enhance selectively between synthetic 
elastomeric surfaces. Complementary arrays of surface structures, such as 1D ridges or fibrils arranged in 
a 2D lattice, can inter-digitate to achieve adhesion enhancement controlled by shape recognition. It has 
been shown that relative misorientation (twist) is accommodated by defects that are mesoscale screw 
dislocations. The arrangement of such dislocations plays a critical role in determining the mechanical 
properties of the interface. The objective of our work is to increase the understanding of adhesive and 
frictional enhancement mechanisms through the study of complementary surface pattern interactions of 
precisely designed soft elastomeric materials.  
Here we study the geometric properties of one-dimensional (ridge/channel) and two-dimensional 
(arrays of pillars) shape-complementary interfaces in the presence of relative misorientation and difference 
in lattice spacing. Relative misorientation without difference in lattice period spacing is accommodated by 
arrays of screw dislocations. Differences in lattice spacing without misorientation is accommodated by 
arrays of edge dislocations. In general, we observe arrays of dislocations with mixed screw and edge 
character. The spacing, orientation, and potential mechanical properties of these arrays can be predicted 
using the geometry of Moiré patterns. More broadly, we show that soft materials with shape-complementary 
patterns can be used to generate dislocations of arbitrary edge and screw character at the mesolength 
scale of tens of microns. Because these dislocations are easily observed and occur periodically, Moiré 
pattern information is used to study relationships between dislocations, parameter selection, and surface 
mechanical properties. 
We extend the studies further by examining and taking advantage of the translational symmetry of 
fibrillar lattice structures for our experiments. We use typical 2D Bravais lattice structures patterned by 
microfibrils on the surfaces of a soft material and attempt to understand the roles of periodicity, fibril size, 
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and density on surface mechanical properties. We develop a means of interpreting these results 
systematically based on pattern misorientation that is applicable to soft materials, thereby bridging 
crystallography with 2D soft material interactions. The increased understanding and interdisciplinary impact 
of these surface interfacial interactions can be used in many fields of study including soft material substrate 
tissue and graft engineering, mechanical engineering and mechanics scale up studies, and various 
industrial applications.  
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CHAPTER 1 
 Introduction and Literature Review 
Specialized biological systems provide organisms with a plethora of efficient and effective means 
of transportation, energy storage, and functional utilities. Systems for enhancement in frictional and 
adhesive properties of microstructures in a variety of organisms [1-2] are of particular interest to us. For 
further examples and study of what these types of structures are capable of, we direct our attention to 
natural means of modifying surface properties in organisms and the field of biomimetics.  
Biomimetics is the field of study dedicated to the understanding of biological systems for the 
application of their specific principles of interest to synthetic systems and/or materials. One area of 
particular interest is in bio-inspired soft material interfaces for enhancement in frictional and adhesive 
selectivity. Material surface design at mesoscales has been used to fabricate synthetic products resembling 
biological counterparts. Examples include GeckSkin™, which resembles the hierarchical fibril design of a 
gecko’s feet for adhesion to a wide array of surfaces [3-4], and Sharklet AF™, whose design is based on 
shark’s dermal denticles for aid in the decrease in bacterial adhesion to the surface for the prevention of 
biofouling [5-6]. 
Pursuit of these dynamic functional material designs is founded on the abundance of analogous 
functional counterparts in nature. Some attachment systems do not necessitate any outside adhesive 
influence to induce temporary or permanent attachment. Examples of these designs in locomotion span 
from insects such as spiders to a gecko or lizard. Design variations vary considerably in relation to different 
functional loads [7]. For the organisms mentioned, contact mechanics and modification of contacting 
surface architecture dictates the dynamic frictional and adhesive capabilities. For instance, the gecko uses 
toepads composed to a specialized fibrillary design that allows it to interact with many different types of 
surface features. Attachment and detachment can occur fluidly and repetitively and may occur 
independently of electrostatic complementarity and surface chemistry of either surface (though adhesion 
may be governed by these interactions in some systems [8-15]).  
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The study of bioinspired structural surfaces and materials has been actively pursued by numerous 
research groups [2], though many of those studied are based on surface modification of one surface 
interacting with a purely flat surface, such as a glass with only some factoring in the plethora of ‘real-world’ 
potential surficial interactions [3-6].  
The majority of surface interactions are certainly not easily categorized. Organisms and synthetic 
functional materials may come into contact with a wide array of conditions. They may have the adaptive 
capability to respond to and interact with a variety of environments or respond highly selectively, producing 
functional interactions with only a few carefully selected parameters. Therefore, synthetic material design 
can result in the promotion of surface interactions with relatively ubiquitously found substrates, or result in 
highly selective interactions with specially designed surface features. We shift our focus to the latter and to 
the study of complementary surface architectures.  
In nature, there are many examples of perfect shape and surficial complementarity. For example, some 
insects use interlocking hard claws to attach to a wide variety of substrates [7, 16]. This is an example of 
shape and mechanical complementarity. An interlocking mesoscale structure is responsible for attachments 
in the dragonfly head-arresting system [17], resulting in seemingly robotic rotations when compared to 
mammals and is another example of mechanical, interlocking complementarity. At much smaller length 
scales, hydrogen-bonding is a type of partial-charge complementarity and hydrophobicity is a type of 
physical complementarity between molecules. For some intermolecular associations, it is well-known that 
two nucleotides on opposite complementary DNA or RNA strands are connected via hydrogen bonds [18] 
and formation of quaternary protein structures is based on shape complementarity [19].  
Recent studies have shown that complementary structured surfaces have strongly enhanced adhesion 
[20-22] on the first separation of an as-molded shape-complementary interface. Another question is: if 
shape-complementary patterned substrates are separated and then pressed into contact, will 
complementary shapes inter-penetrate sufficiently and with high recognition/selectivity? It has been shown 
[23] that highly selective adhesion can be achieved between complementary elastic surfaces patterned with 
ripples after they have been separated and re-pressed together. This result is highly desirable for 
sustainable, repeated attachment, detachment and reattachment of dry adhesives based on surface 
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architecture. Highly selective adhesion, with enhancement of up to a factor of 40 and selectivity of a factor 
of 160, can be achieved with pillar-channel complementary surfaces [24]. The selectivity in adhesion is the 
result of carefully matched complementarity between the surface structures of the materials. This indicates 
adhesion characteristics can be manipulated based on modifications of either surface’s structure. 
Enhancement of adhesion selectivity between surfaces can be accomplished in a variety of ways. As 
mentioned previously, adjustments in the surface structure can lead to well controlled mechanical and 
physical complementarity. The functionality of Velcro® is due to its opposing hook and loop fastening 
system and is based on shape complementarity [25]. Shape complementarity can be further applied to soft 
elastomers like polydimethylsiloxane (PDMS) and complementary surface features can be used to increase 
or decrease adhesive selectivity or other surficial properties like friction. There are many 2D patterns that 
can be used to achieve these goals, such as complementary rippled, wave-like patterned surfaces [23], 
complementary ridge and channel structures resembling step-functions and interactions between fibrillar 
surface arrays. We further investigate the effect of these surface structures and examples of these 2D and 
3D arrays [Figures 1-3]. 
 
Figure 1: 3D surface profile of silicon wafer used to mold PDMS. The structure shown is nominally 20 𝑢𝑚 
spacing/20 𝑢𝑚 height ridge/channel and serves as a template for PDMS molds. 
6 
 
Figure 2: Surface profile measurements of silicon wafer used in PDMS sample construction. Rdx and Rdz 
represent spacing measurements shown in purple (~
1
2
 period) and ~20 𝑢𝑚 height, respectively.  
 
The ridge/channel silicon wafer molds shown in Figures 1 and 2 are used to mold PDMS elastomer 
ridge/channel surfaces for experimentation. Carefully molding these surfaces can produce PDMS surface 
structures like that shown [Figure 3] and involves a specialized fabrication process discussed in Chapter 2.  
Enhancing adhesion can be accomplished by the ability of the 
elastomers’ surface patterns to interdigitate via shape recognition. However, at 
the micron scale, it may be difficult to ensure perfect alignment (no pattern 
misorientation) – especially considering any deviations in periodicity between 
interacting surfaces, for example. Therefore, compliance of the soft material is 
a desirable property – to a point. Soft material surfaces can accommodate some 
deviations by introducing dislocation defects and how these dislocations are 
arranged is an important consideration. The dislocations themselves will 
decrease the effective work of adhesion due to an increase in the number of debonded regions (resulting 
in an increase in dislocation density) between the surfaces. The arrangements of the dislocations plays a 
critical role in determining some of the interfacial mechanical properties, such as enhancing or diminishing 
adhesion that occurs as a result of these relative misorientations. Again, we define our relative 
misorientation as the degree to which the samples have rotational mismatch if the pivot point is the bottom, 
center of a 2D pattern.   
We attempt to bridge concepts between crystallography and soft material interactions to aid in our 
understanding. In a crystal, a dislocation could be defined as a line imperfection forming the boundary within 
the crystal between slipped boundaries [26]. Crystal defects and dislocations can be subcategorized into 
Figure 3: Cured sample 
of PDMS using wafer 
mold in Figure 1. 
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edge and screw dislocations. An edge dislocation occurs where the orientation of the dislocation is on an 
edge of an atomic plane. In Figure 4, we generalize a crystal’s regular (‘perfect’) cell structure and introduce 
a cut (‘slip plane’) at the location described. Once the shear stress introduced near the plane reaches a 
critical point, the lattice will slide to accommodate the stress and form a new lattice equilibrium [26]. This 
will result in distortion near the dislocation. This is discussed in more detail and pictorially below. For the 
examples in Figures 4-5, one can insert an extra cell plane at the slip plane. Defects can be introduced in 
this manner for an edge dislocation though cannot be introduced in this manner for a screw dislocation. A 
cut region is merely shown to exaggerate the boundary where the slip plane is located and slippage will 
occur. 
 
Figure 4: 2D crystal lattice structure showing region of a small hypothetical cut where slip will occur. Size 
is exaggerated for clarity.  
 
The region that slippage occurs is pointed to by the ‘wedge’ in Figure 5, below. This is the slip plane 
and will be used in the discussion of the Burgers vector later in this section. The cells above this slip plane 
will attempt to accommodate this novel introduction and join exactly to the cells below, attempting to reform 
a stable, ‘perfect’ crystal, like that shown on the left of Figure 4. However, there is distortion presented at 
the point of these planes’ termination. It is unknown the exact cellular structure of this dislocation core [26]; 
an approximated structure is shown in Figure 5.  
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Figure 5: Approximate 2D crystal lattice structure formed by hypothetical cellular wedge insertion and 
deformation pattern. Notice the approximate distortion in the crystal near the dislocation region. The 
noted ⊥ in figure 5 designates location and direction of the edge dislocation (towards top of page).  
 
The edge dislocation will occur at the edge of the distorted cell and is designated in Figure 5 as ⊥. 
To reiterate: distortion of the atoms near the dislocation is shown approximately.  
 We then move to the discussion of another orientation of the dislocation: the screw dislocation. A 
screw dislocation forms when the plane of slippage is parallel to the vector and dislocation that forms; in an 
edge dislocation these properties were perpendicular [26]. Figures 6 and 7 outline a screw dislocation 
pattern. In Figure 6, a cut is introduced between cells in the lattice. In this case, a dislocation cannot result 
from the insertion of an extra plane of atoms – the atoms slide along each other and no mass is added or 
removed. Distortion occurs in cells near the dislocation and this effect is shown in Figure 7 by hypothetically 
‘pulling’ atoms out of the plane of the page. Doing so results in distortion of atoms near the dislocation due 
to the new formation and is known a screw dislocation [26]. 
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Figure 6: 3D crystal lattice structure showing region of a small hypothetical cut where slip will occur 
(similar to that in Figure 4). Size is exaggerated for clarity.  
 
Figure 7: 3D crystal lattice structure formed by wedge insertion and deformation pattern. Notice the 
distortion in the crystal near the region of the reformation.  
 
The lattice distortion gives the Burgers vector that results from the defect. If one were to draw a 
circular pathway around the dislocation region prior to the introduction of the dislocation and then attempt 
to redraw this same pathway after the introduction of the dislocation, the necessary extra drawn step’s 
direction and magnitude is the Burgers vector of the dislocation in the crystal [26]. For an edge dislocation, 
the Burgers vector is orthogonal to the dislocation and slip plane insertion; for a screw dislocation, these 
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Burgers vector is parallel to the dislocation direction. In a tightly packed crystalline solid material, the vector 
can result in a distortion of a crystal unit cell (discussed later) and we use this property to help understand 
how our soft material dislocations and accommodations behave on the micron scale.  
Figure 8: Edge (left) and screw (right) dislocations with appropriate Burgers vectors (white). For the edge 
dislocation, the vector occurs perpendicularly to the dislocation. For the screw dislocation, the vector is 
parallel to the dislocation. 
 
When we apply these concepts and definitions further to soft materials, we gain an understanding 
that an angular misorientation between interacting elastomeric congruent complementary microstructures 
will produce pure screw dislocations. This is observed because of the fact that the congruent 
complementary microstructures’ defect patterns will be orthogonal to the microstructure orientation and 
parallel to the dislocation structures with no mixing of dislocation character. Defect lines resulting from these 
interactions are due to the stresses introduced by the angular misorientation and will run perpendicular to 
the direction of the ridge and channel interactions. At perfect alignment, the defects seem to disappear as 
all of the ridges may find a perfect channel fit. If the complementary microstructures are perfectly aligned 
with some difference in lattice spacing, the accommodation is done by pure edge dislocations. Stresses 
resulting from the forced interactions of these non-congruently spaced sample periods will reach critical 
stress causing the structure to gradually slide in order to accommodate. These structures will distort, defect 
and propagate forming a visible dislocation, as discussed previously.  
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Figure 9: Dislocation representation with mixed edge and screw character with Burgers vectors (white).  
 
The aforementioned situations where dislocations can be classified as purely edge or screw are 
somewhat rare, and empirically we often observe a mixture of edge and screw dislocations. Figure 9 shows 
a dislocation representation similar to that shown in Figures 4-8 but with mixed edge and screw character. 
In Chapter 2, it will become clear that dislocation orientations cannot be classified as having purely edge or 
purely screw character all of the time. We observe and show that a mixture of edge and screw character 
makes up a large percentage of these dislocation classifications.  
The dislocations will occur periodically; the complementary microstructures will accommodate each 
other periodically, allowing us to predict and study pattern formations mathematically. We find the 
dislocations produce visible bands that are in an observable, predictable pattern (rather than random) and 
the surface interactions of the optically clear pattern produce a secondary pattern. In other words, the 
interaction of each surface’s carefully designed pattern produces what is known as a Moiré pattern: a 
spontaneous secondary pattern that results from the overlay of two patterns. The misorientation angle can 
be controlled for and misorientation is accommodated by line defects that are essentially twist boundary 
screw dislocations [27-28].  The specific arrangement of defects arises from Moiré patterns formed by the 
two sides of the interface [28-29].   
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With the understanding that relative adhesion and friction can be enhanced or decreased based 
on surficial interactions of complementary surfaces, improvement can be based on the careful manipulation 
of the intrinsic and extrinsic properties of the individual surfaces. 
Subsequent chapters will address the following:   
 Chapter 2 demonstrates an experimental set-up to study geometry of dislocation defects at 
a shape-complementary surfaces, experimental procedure, the results of experiments and 
generalized mathematical result for use in future work.  
 Chapter 3 briefly explores the potential applications of the work presented in Chapter 2. It is 
a means to expand our experiments and analysis across a spectrum of parameters in future 
work. We then discuss the future and continuation of the work and findings. We further 
assess potential applications of resulting surface mechanical properties to soft functional 
materials design. 
 Chapter 4 concludes with reiteration of findings and summary.   
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Chapter 2 
Controlled Surficial Interactions Influence Moiré 
Patterning a 
2.1 Introduction 
 Adhesion between complementary soft material interfaces that results when two nominally shape-
complementary surface architectures of soft materials is enhanced by crack-trapping and friction between 
the inter-digitated surfaces [24]. Dislocation defects permit two sides of the interface to interlock even when 
they are slightly misoriented. At the same time, these defects introduce stored elastic energy which is 
released upon opening the interface, thus weakening it [24]. The density and orientation of the defects 
structures is therefore critically important in determining interfacial properties. In this Chapter, we focus on 
how defects are formed at the interface when two nominally shape-complementary surfaces are pressed 
together. We consider two types of patterning: a 1D array of ridges and channels and a 2D array of fibrils 
in a square arrangement. For each type of patterning, we consider both misorientation and difference in 
periodic lattice spacing. We find that misorientation and lattice mismatch are accommodated by the 
generation of arrays of defects that are mesoscale dislocations, in general with mixed screw and edge 
character. The characteristics of this array, we show, can be predicted very accurately by calculating the 
Moiré pattern of the two sides. These predictions can be done without the use of a microscope due to the 
optical clarity of the samples, material supports and formation of Moiré patterning. The interfacial properties 
of the system can then be predicted by identifying regions of defects or patterning.  
For the surfaces patterned with pillar, we make the subcategorization of rhombic or square patterns. 
These structures are shown in Figure 10 and Table 1 below. The rhombic patterns can be expanded and 
were nominally hexagonal with another fibril at the centroid location. We make the categorization in this 
manner due to the fact that the fibrils exhibited 2D lattice structure in the X-Y plane were patterned in a 
typical 2D Bravais lattice structure when viewed directly from above or below. 
a Portions of this chapter are reprinted from Dillen, J.; He, Z; Hui, CY; Jagota, A. “Geometry of Defects 
at Shape-Complementary Soft Interfaces.” 2016.  
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Figure 10: Inverted silicon wafer profile characterizing potential surface architecture of a 2D Bravais lattice 
mold of PDMS. The mold shown is classified as rhombic or ‘hexagonal.’  
 
A requisite for classification of a lattice as a Bravais lattice is that, when viewing from any of the 
discrete points that make up the Bravais lattice, the lattice repeats exactly in every direction. Every other 
point on the lattice can be reached through linear combinations of the translation vectors (discussed further 
in Section 2.3) and the lattice itself can move in space using those same translations. Therefore, the initial 
and final lattices will be exactly the same. This is an important feature and can be easily seen when 
choosing a random pillar (lattice point) shown in Figure 10. From any of the fibril’s points, the lattice will be 
the same in any direction. This structure is also demonstrated in Table 1 and aids us in our study of 
geometry of the complementary surface interactions.  
A 1D Bravais lattice is a set of points with congruent spacing between them (1 possible lattice 
structure). There are significantly more Bravais lattices in 3D and consist of a series of congruent 3D unit 
cells and is not studied.  Our interest is in the 2D Bravais lattice. In general, other 2D lattice could be 
considered random (and hence a systematic mathematical relationship may be more difficult to derive) or 
degenerate cases of the 5 fundamental Bravais lattices shown in Table 1.  
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We can make the generalization that 
the studies of our complementary surface 
structures are the interactions between 
overlapping Bravais lattice structures. The 
unit cells of a 2D crystal can be 
micropatterned onto a soft, optically clear 
material and the interaction of 
complementary materials can provide 
information regarding behavior of these 
traditionally “crystalline” properties in relation 
to soft materials.  
 For our studies, we show that the 
principles that govern crystalline solids can 
be applied to soft materials, and that the 
distinctive innate properties of these crystals 
can be used to predict the secondary, visible 
patterning that results as a byproduct of their 
complementary interactions.  
 Once more, a Moiré pattern results 
from the interference that occurs due to the 
positions of the samples’ primary patterns. 
We use the individual Bravais lattice grids as 
our primary patterns and examine the Moiré 
pattern that is produced by placement and 
interactions with a complementary other. We 
can modify the spacing of a complementary 
pattern via temperature control and introduce 
2D Bravais Lattice Visual Guide 
Square 
 
Rectangle 
 
Rectangle/Parallelogram 
 
Regular 
Hexagon/Rhombus 
 
Oblique 
 
Table 1: 5 2D Bravais lattice structures. Unit cells and 
characteristic angles, 𝜑, and lengths, a and b, are 
shown. All forms of the lattice can be considered 
oblique and others can be drawn through parameter 
selections of a, b, and 𝜑. 
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relative pattern misorientations to adjust surfacicial interactions. We aim to predict the spacing and 
orientation of dislocation defects given mismatches in lattice spacing and angular misorientation. We hope 
to use our results to analyze and potentially predict the adhesive and frictional energetic properties that 
result from soft material interactions with Bravais lattice surface patterns.  
The fibrils patterned with a 2D Bravais lattice geometry interact. Taking advantage of the optical 
clarity of the PDMS and gelatinous molds used, these surface interactions produce Moiré patterns that can 
be studied. If we understand and categorize the complementary surface microstructures as interactions of 
one of the five typical, 2D Bravais lattice structures, we can analyze the results and generalize based on a 
periodicity ratio, angle of the periods extending in two directions, and a misorientation angle.  
Our results for this experiment are practically important in predicting the orientation and density of 
defects and for helping to define orientation selectivity. The proposed theory can assist people achieve 
optimal placement orientation for a complementary set of ridge/channel soft material surfaces with or 
without small differences in periodicity. We can use previous results to compare the energetics of adhesion 
per unit area, the effect of dislocations and dislocation density on this adhesion and continue study as it 
relates to misorientation angles and periodicity ratio between complementary microstructures [28].  Further 
experiments can follow using 2D Bravais lattices patterned on soft materials and, just based on visual 
observation without relying on microscopic instruments, one may be able to predict surface mechanical 
properties.   
17 
 
2.2 Methods and Materials 
 Our goal was to prepare patterned soft-material samples to investigate the geometry of defect 
formation at the interface between nominally shape-complementary surfaces.  In particular, we wished to 
prepare samples with systematic control of lattice parameter, i.e., period of spacing between features, as 
well as relative misorientation.   
PDMS samples were prepared using Sylgard 184 Silicone Elastomer Kits by Dow Corning. The 
samples were mixed at a ratio of 10 parts elastomer to 1 part curing agent by weight in a non-reactive dish. 
This ensured proper crosslinking with the given experimental parameters. The viscous liquid mixture was 
vigorously stirred for 2 minutes to ensure proper mixing. The solution is degassed for 30 minutes to remove 
pockets of air that may have been trapped in either solution prior to mixing and aeration introduced by the 
mixing process. Without this process, gaseous pockets that may have not been noticed prior to mixing 
could expand through the curing process at high temperatures and introduce inhomogeneities. A 
micropatterned silicon wafer made using photolithography was coated with a thin layer of silane [24]. A 
coating of silane was added to prevent reactivity and sticking between the PDMS and the silicon. After 
degassing, the mixture is poured onto the patterned wafer. A glass slide spin-coated with a 1% by weight 
polystyrene (Alfa Aesar) in solution of toluene was used to create a thin hydrophobic layer used to prevent 
sticking between the silicon-based glass and PDMS solution. 
Sample thickness was controlled by using spacers 0.610 mm thick with any deviation from this 
coming from the indentations in the silicon surface increasing the sample’s thickness. The sample then 
would be 0.610 mm thick + 20 micrometers for the channel indentations or nominally 0.63 mm thick. Each 
sample used had a patterned region of 10 mm wide and 30 mm long. For a sample with no deviation from 
mold (cured at room temperature) an effective surface area of approximately 6 cm2 including vertical walls. 
This is outlined in Figures 11(a) and 11(b). 
The thermal expansion of PDMS has been studied previously [30]. We aim to gain our own 
understanding of the effects given our experimental conditions and measurement techniques. Using the 
same silanized silicon wafer to cure samples of PDMS, we can determine the predictable effects of 
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temperature on the PDMS periodicity of microstructural features. We can then control the periodicity of both 
ridge/channel and fibrillar samples through temperature control.  
   
      (a)                                                                              (b)  
 
 (c)             (d) 
Figure 11. (a) Photograph of ridge/channel silicon wafer used to mold 20 𝜇𝑚 depth and 20 𝜇𝑚 spacing 
with yellow arrow showing region from where surface profile shown in Figure 1 and Figure 5(b) was taken 
from. (b) Figure 1, reshown. (c) Diagram showing weight and mixing dish with liquid PDMS pouring onto 
silanized silicon wafer with spacer as shown in Figure 11(a). Glass cover with polystyrene coating placed 
on liquid PDMS mold with binding clamps to maintain thickness prior to curing. (d) After curing, glass with 
clamps removed and PDMS mold is peeled from silicon wafer easily. 
 
 We use a wafer with a nominal depth of 20 𝜇𝑚 and a period length of 20 𝜇𝑚 to study this effect 
[Figure 11(a-b)]. Samples were cured at different temperatures and then peeled [Figure 11(c-d)], with cure 
time based on the curing temperature. Temperatures used in this experiment include room temperature 
(denoted by RT; average laboratory room temperature was between 23 ℃ and 25 ℃) and from 40 ℃ to 110 
℃ in 10 ℃ increments. The room temperature samples were cured for at least 2 days to ensure solidification 
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of the PDMS. Samples cured at 40 ℃ were cured for 4 hour (to ensure solidification); all samples cured 
above 40 ℃ were cured for 2 hours. We measure the change in period length due to a difference in cure 
temperature using surface profile information (like that shown in Figures 1-3). A thin razor was then used 
to cut the samples free from the silicon wafer and tweezers were used to carefully peel the PDMS from the 
wafer. Doing so maintained the structural integrity of both the wafer and sample. Figure 12 shows optical 
micrographs of a region of ridge-channel and fibrillar (square) PDMS samples. Figure 1 and an inverted 
Figure 10 show the silicon wafer surface profiles used to produce the PDMS strips.  
 
                     (a)         (b) 
Figure 12. Optical micrographs of (a) ridge/channel samples with nominal period and height of 20 microns 
each, and (b) square arrangement of fibrils with minimum center-to-center distance and height of 20 
microns each. Each sample consists of a pair of PDMS layers (labeled 1 and 2) with some difference in 
lattice parameter and relative twist (in this case 6o).  
 
Figure 12 shows two types of samples studied (ridge/channel, fibrils).  Each sample set consists of 
a pair of PDMS layers.  Figures 12(a) and 12(b) show micrographs of the surface of a PDMS layer with a 
surface array of ridges/channels and cylindrical pillars in a square Bravais structure, respectively. In these 
figures, the white arrows indicate the periodic spacing or lattice parameter, a.  
The thermal expansion of the silicon mold (~2.5 ppm/K [31]) is significantly smaller than that of the 
PDMS (~300 ppm/K [30]). Therefore, due to thermal shrinkage, a PDMS sample cooled to room 
temperature after being cured at a higher temperature on a given wafer is dimensionally smaller than one 
cured on the same wafer at a lower temperature.  The periodic spacing of all samples was measured as a 
function of curing temperature using an optical microscope (Zegage, Zygo Corporation).  Each sample for 
a given sample set was cured on the same silicon wafer. Because of this, any differences in periodic length 
a can be attributed to the differences in curing temperature.   
a
a1 a2

20 
 
This lattice parameter can be different depending on the top or bottom layer (𝑎1 and 𝑎2) of the 
interacting complementary surfaces with ratio 𝜆 =
𝑎1
𝑎2
, and the misorientation between the two surfaces is 
represented by the twist angle of one of the samples [Figure 12(b)] with the other held in place. Typically, 
the spacing of the sample cured at the lower temperature was designated 𝑎1, and therefore 1  based 
on our definition of 𝜆.  
 The produced samples of PDMS are relatively thin and will not adhere spontaneously. In the past, 
adhesion between patterned PDMS on this scale was accomplished by hand [24, 28], with little control over 
uniformity of force used to induce adhesion or the angular alignment of the patterned regions. A main goal 
of our study was to construct an experimental set up that would allow for the careful control of plane 
interactions, pressing force, and angular orientation between the PDMS surface features.  
 It is known that the adhesive properties (as measured by energy release rate) of interacting 
complementary soft material surfaces is affected by the structural measurements and properties (such as 
spacing between ridges and depth of the channels) of the PDMS surface [24].  
 
Figure 13: Schematic drawing of the set-up used to control misorientation between the two nominally 
complementary surfaces. The samples are viewed from above by a camera. A schematic drawing of the 
set-up used to control misorientation between the two nominally complementary surfaces. A labelled 
photograph of the testing set-up is also shown in Supporting Information [Figure 26]. 
 
Camera
XYZ Adjustment
Slide Holder
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We then aim to get compliant, uniform interactions between the complementary surfaces. To 
measure this, we set up an 8 MP camera above the interacting surfaces [Figure 13].  
A major consideration of the choice of supporting material was its compliance, non-reactivity upon 
curing and optical clarity. Without these stipulations, we would be unable to geometrically measure any 
resulting surface interactions effectively. If the PDMS was affixed to glass, compliant, uniform insertion 
would be difficult with the sample thickness chosen. We originally plasma activated the back of our PDMS 
samples and glass using oxygen plasma and affixed them to one another with the patterned side up. This 
process increases the bonding capabilities between silicon dioxide and siloxane surfaces by functionalizing 
the surface creating functional polar groups used to bond. Because this did not give us the compliance we 
required, we repeated this procedure with larger rectangular blocks of even softer PDMS [32] without 
success and eventually use a softer, non-reactive gel instead.  
The soft gelatin backing was made using a 70%/30% by weight ≥99% glycerol for molecular biology 
(Sigma-Aldrich)/deionized water mixture.  To this mixture we added 10% by weight of Gelatin powder 
(Porcine skin, type A, Sigma-Aldrich) following a previously used procedure [33]. Our gel solution was mixed 
with a stir bar at 100 ℃ with thermocouple device for 1.5 hours. Degassing was then allowed to occur for 
45 minutes. Periodically during this 45 minute degassing interval, a metal bar was used to remove 
gelatinous bubbles forming at the top of the mixture to prevent aberrations in the clarity of the gel after 
subsequent refrigeration. These liquid gel mixtures were poured into rectangular prism glass casings to 
maintain shape and uniformity in 3 dimensions. These glass prisms were pre-coated with a thin layer of 
polystyrene in toluene (1% by weight polystyrene in toluene) to prevent gel sticking and potential fracture 
upon removal (as determined by comparison relative to untreated glass). Prepared gel slabs were then 
cured overnight in a refrigerator.  A thin razor was used to cut the gel from the glass. The gel was stroked 
with a pipette dipped in toluene to dilute and remove the waxy, polystyrene residue on the gel surface and 
increased the optical transparency of the gel. The gel was then placed on a clean glass slide.  After 
experimenting with different thicknesses, we chose to use gels of 2 mm thickness to provide a soft backing 
for the patterned PDMS samples. 
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To control the relative misorientation or twist between the two patterned PDMS strips, we 
assembled a set-up [Figure 13] including a rotational stage to provide precise control of orientation (relative 
twist) (Newport Motion Controller Model ESP301 with Newport Rotation Stage). Our set-up includes a lower 
rotational stage on which we mount the lower piece of the PDMS sample pair. It is gently placed flat on the 
2 mm thick gel layer, which is attached to a glass slide. The gel layer provides a sticky and compliant 
(though non-reactive) support for the PDMS sample. We fix the glass slide to a load cell to measure and 
control the normal force (~0.5 N) and the load cell is attached to the rotation stage. The upper piece of the 
sample pair is likewise mounted to a glass slide via a gel slab. The top piece of glass with the gel and 
sample is clamped above the bottom portion of the set-up through a fixture attached to a micromanipulator 
capable of movement in three dimensions.  
In an experiment with a typical sample pair, one could, through the use of the micromanipulator, 
manually adjust the strips to be within +/- 2° of perfect alignment, as determined a posteriori. The upper 
sample was brought into contact with the lower one under load of about 0.5 N. The samples were then 
separated by the manipulator, and the rotation stage was used to change angular orientation of the lower 
piece of the sample pair in steps of 0.1°. Spontaneous patterns appeared when the samples were pressed 
together; pictures of the sample were taken in contact and under load. 
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2.3 Results and Discussion 
Based on a linear fit to the period spacing as a function of curing temperatures discussed in the 
Section 2.2, a coefficient of thermal expansion was calculated to be about 280 ppm/℃, reasonably close to 
the reported value of about 300 ppm/℃ [30]. Note that the ratio 𝜆 lies between 1.0 and about 1.02, that is, 
it is quite close to unity. In this manner, we obtained a set of samples with controlled difference in periodic 
spacing. These results are shown in Figure 14.  
 
Figure 14: Periodic spacing as a function of curing temperature for ridge/channel experimental samples. 
The line of best fit was also used for the expansion ratios for the experiments involving the fibrillar pattern 
designs.  
 
Figures 15(a) and 15(b) show typical patterns observed on pressing together nominally 
complementary surfaces.  For the ridge-channel samples, Figure 15(a), the pattern comprised a set of 
approximately parallel striations of alternating light and dark regions.  For the pillar samples (see Table 1, 
Figure 10), the pattern comprised two sets of parallel lines, each set orthogonal to the other.  These patterns 
depended on the lattice spacing mismatch and evolved systematically as misorientation was adjusted.  For 
each micrograph, we analyzed these pictures using programs written in MATLAB® to determine the 
periodic spacing of patterns, and their orientation with respect to the sample edge, as indicated in Figures 
15(a) and 15(b).  The Cartesian plane axes in Figure 15(a) are placed with one axis aligned along and one 
axis orthogonal to the direction of the ridges that run across the short side of the sample, as indicated in 
the schematic representation [Figure 15(a)]. The red line indicates the direction of the striations and 
indicates the angle they make with respect to the ridge direction. The schematic drawing in Figure 15(b) 
shows that the square array of fibrils in this sample is oriented at an angle of 45o relative to the sample 
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edge. Again, we orient our axes along the directions given by the underlying square array of fibrils. The 
macroscopically observed pattern also has square symmetry with some orientation. The red line in this 
case is aligned with the macroscopic pattern and measures the angle between the macroscopic pattern 
and the underlying lattice. Using programs written in MATLAB®, we measured the orientation of the 
patterns (angle 𝛼), as well as the linear density, 𝜌, of the observed pattern along a direction orthogonal to 
the red lines drawn in Figures 15(a) and 15(b).  
 
 
(a) (b) 
Figure 15: (a) Typical pattern of approximately parallel lines appears at the interface between two 
nominally complementary ridge/channel samples with a difference in lattice spacing and slight 
misorientation, (b) Typical pattern observed at the interface between two nominally complementary 
surfaces with a 2D array of micropillars. 
 
Short videos have also been included to aid in the understanding of these concepts. They have 
been made with the images shown in Figure 16 (below) and others taking during the data acquisition 
process. These videos can be found in Supporting Information - Videos (pg. 54). In addition to the videos 
showing the interactions of ridge-channel and square-arrangement pillars, videos from a sample with a 
hexagonal arrangement of pillars have been included as well. These provide a great means of 
understanding and context for the study and results.  
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     (a) |𝜃| = 1.2°, 0°, 1.3°              (b) |𝜃| = 2.3°, 0.9°, 0°, 0.8°, 1.7° 
       
     (c) |𝜃| = 1.9°, 0°, 1.5°        (d) |𝜃| = 1.2°, 0.5°, 0°, 1.1°, 1.5° 
Figure 16 (a) Patterns of striations at the interface between nominally complementary ridge channel surfaces for 
three different misorientation angles and 𝜆 = 1.  The patterns run parallel to the long edge of the sample, i.e., 
orthogonal to the direction of ridges and channels.  Their direction does not depend on misorientation angle but 
their density does, vanishing for perfect alignment.  The lighter regions represent screw dislocations, each with 
Burgers vector equal to the periodic lattice spacing. (See also Supporting Information – Videos pg. 54 
“RTRT_RidgeChannel_Full_Cycle_Video.avi”)(b) Patterns of striations at the interface between nominally 
complementary ridge-channel surfaces for 𝜆 = 1.019 with varying misorientation angle.  For well oriented 
samples (misorientation angle nearly zero), the striations and associated dislocations run horizontally, i.e., along 
the ridge-channel direction.  These are now pure edge dislocations.  For a combination of lattice spacing 
mismatch and misorientation the striations run at an angle and the corresponding dislocations have mixed screw 
and edge character. Dislocation lines are indicated by red arrows. (See also video 
“RT100_RidgeChannel_Full_Cycle_Video.avi” in SI.) (c) Patterns for a sample set with 𝜆 = 1 for three different 
misorientation angles. The pattern orientation remains essentially unchanged, its density increases with 
increasing misorientation, and the pattern vanishes when the samples are well-aligned. (See also video 
“RTRT_Square_Full_Cycle_Video.avi” in SI.) (d) Patterns for a sample set with 𝜆 = 1.019 for several different 
misorientation angles.  Both the density and orientation of the patterns changes systematically with change in 
misorientation angle.  (See also video “RT100_Square_Full_Cycle_Video.avi” in Supporting Information). We 
provide two additional videos that show the development of hexagonal patterns when the pillars are arrayed on 
a hexagonal lattice. 
 
5 mm
5 mm
26 
 
Figure 16(a) shows three pictures at three different values of misorientation of a ridge/channel 
sample pair with nominally identical periodic spacing (𝜆 = 1).  We observe the formation of a parallel array 
of striations that run parallel to the length of the strip, and therefore orthogonal to the ridge/channel direction, 
which runs horizontally across the short side of the sample. Increasing the absolute value of the 
misorientation angle changes the density of the striations but not their orientation. With better alignment, 
the distance between striations increases. For nearly perfectly aligned samples, the striations vanish. As 
reported previously [24, 28] these striations represent alternating regions, one in which the ridges are 
aligned with the channels and enter into them and are separated by regions where the ridges do not line 
up with the channels and form dislocations. The latter regions convert into an array of defects. Each one of 
localizes the relative misorientation between the two samples into a screw dislocation with a Burgers 
vector’s magnitude equal to the periodic lattice spacing and direction orthogonal to the ridges.   
Figure 16(b) shows the pattern of striations observed on a sample where the two sides have slightly 
different periodic spacing (samples cured at room temperature and at 100℃, for a roughly 2% difference in 
periodic spacing, 𝜆 = 1.019). In this case there are some important differences in the pattern of striations.  
Firstly, striations do not vanish for a perfectly aligned sample (. Instead, for this case we observe a 
set of striations parallel to the direction of ridges/channels. Each one of these defects is an edge dislocation 
with Burgers vector again of magnitude equal to the periodic lattice spacing and orientation orthogonal to 
the ridges. Secondly, with increasing misorientation, not only does the distance between striations 
decrease, but their inclination with respect to the sample also changes systematically. Each lighter striation 
in this case becomes a dislocation with the same Burgers vector. Because the Burgers vector has non-zero 
components both along and orthogonal to the dislocation direction, the dislocations themselves have mixed 
edge and screw character. 
Figure 16(c) shows three pictures at three different values of misorientation angle of a square 
fibrillar sample pair with nominally identical periodic spacing (𝜆 = 1). We observe a square pattern aligned 
at 45o with respect to the rectangular edges of the sample. This is the same as the sample of underlying 
fibrils. Again, for the case of identical periodic spacing, the density of the pattern changes with changing 
misorientation.  Light and dark regions represent areas where the fibrils on the two sides are in or out of 
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synchrony.  As the absolute value of the misorientation angle increases, the spacing density of the 
dislocation strips increases. The overall orientation of the dislocation strips changes little. For nearly 
perfectly aligned samples  the pattern vanishes.  
Figure 16(d) shows patterns observed on a sample set where the two strips of PDMS have slightly 
different periodic spacing, 𝜆 = 1.019. As for the ridge-channel samples, patterns remain even when there 
is no misorientation. As misorientation changes, the pattern changes orientation and its density also 
changes systematically. As the absolute value of the misorientation angle decreases, the spacing density 
of the dislocation strips decreases as well.   
Magnification of some of the dislocation structures shown in Figure 16(a-b) is done and shown in 
Figure 17 below.  
 
Figure 17: Dislocation defect structures (approximately horizontal) as a result between interactions between 
room temperature cure (~25 ℃) and 100 ℃ ridge/channel sample structures under 10x magnification.  
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When we apply these concepts and definitions further we gain an understanding that an angular 
misorientation between interacting elastomeric congruent complementary microstructures will produce pure 
screw dislocations [Figure 8]. If the complementary microstructures are perfectly aligned with some 
difference in lattice spacing, the accommodation is done by pure edge dislocations [Figure 6]. As seen in 
Figure 17, the shift occurs one ridge or channel away along an entire region. The magnitude of the 
accommodation is approximately equal to a single period of the ridge/channel interface. Adhesion between 
the surfaces will be almost negated once the misorientation angle becomes so large the channels cannot 
interact even when 𝜆 = 1. More can be found on this topic using Equation 12 [Section 2.3].  
The defect structures observed in Figure 18, below, produce Moiré patterns formed by the slightly 
mismatched structures on the two sides of the interface, like those seen in Figure 17.  We demonstrate this 
pictorially for the ridge-channel case in Figure 18(a)-(d) below.  
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(a)                     (b)                 (c)                         (d) 
         
         (e)            (f)                    (g)                                 (h) 
Figure 18. (a) Schematic drawing of a ridge-channel structure (blue: ridge; pink: channel) (b) Two identical 
ridge-channel surfaces with relative misorientation of 6o, showing how an array of parallel screw dislocations 
forms to accommodate the misorientation. (c) Two ridge-channel surfaces with lattice mismatch showing how 
an array of parallel edge dislocations forms. (d) Two ridge-channel surfaces with lattice mismatch and relative 
misorientation of 6o showing how an array of parallel dislocations with mixed screw and edge character forms. 
(e) Schematic drawing of a surface with fibrils arranged in a square array. (f) Two identical surfaces (blue and 
pink) with relative misorientation angle of 6o produces a Moiré pattern in which regions of good match are 
separated by arrays of screw dislocations. (g) Two surfaces with 𝜆 ≠ 1 but without misorientation.  The resulting 
Moiré pattern also has square symmetry with regions of good match separated by edge dislocations. (h) Two 
surfaces with 𝜆 ≠ 1 and relative misorientation of 6o produces a Moiré pattern with regions of good match 
separated by dislocations with mixed screw and edge character.   
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In Figure 18(a), the ridge/channel pattern is scaled to an easily observable size, with blue horizontal 
stripes representing ridges, and pink horizontal stripes representing channels. If we overlay Figure 18(a) 
on a copy of itself and rotate each plane in opposite directions, we produce Figure 18(b). We also choose 
an increased angle of misorientation to increase the density of dislocations, making them more easily visible 
on the increased size scale. A spontaneous pattern is easily observed, corresponding to Figure 16(a) (𝜆 =
1, varying ). There are two types of regions.  Regions of type 1 are where the ridges on one side line up 
with the channels on the other; here the ridges insert into the channels. Two such adjacent regions of type 
1 are separated by regions of type 2 where the ridges on one side line up with ridges on the other. Ridges 
on one side of a region of type 2 emerge from their channel, shift by one lattice spacing, and re-enter a 
different channel in the adjacent region of type 1. Thus, there is a displacement jump of magnitude a across 
each region of type 2 in a direction orthogonal to the ridges, making it a screw dislocation running parallel 
to the length of the strips with Burgers vector of magnitude a. Figure 18(c) consists of Figure 18(a) overlaid 
with a similar figure with a lattice spacing mismatch, 𝜆 ≠ 1 and no misorientation angle. Following a similar 
reasoning, we find that in this case the regions of good match between the ridge and channel are separated 
by edge dislocations indicated by the thick lines. The edge dislocations run parallel to the ridges and their 
Burgers vector, of magnitude a, is oriented normal to the ridge direction.  Figure 18(d) shows a case where 
both 𝜆 ≠ 1 and 𝜃 ≠ 0. Here we observe that the dislocations will run at an angle between parallel and 
orthogonal relative to the length of the strips. The Burgers vector remains the same. Since it has 
components both along and orthogonal to the dislocation line, the dislocations have mixed screw and edge 
character.  
Figure 18(e)-(h) shows the Moiré patterns when each side of the interface is patterned with a square 
array of fibrils. Figure 18(e) shows the pattern of a fibrillar array, with blue surfaces representing pillars 
extending from the surface and scaled to an easily observable size. Figure 18(f) shows Figure 18(e) overlaid 
with a plane of equal lattice spacing (𝜆 = 1) adding in an angle of misalignment and changing the pillar color 
to pink. The characteristic Moiré pattern in this case has an overall square symmetry as well. As done in 
Figure 18(b), we increase the misorientation angle thus increasing the density of dislocations. The increase 
scale size in Figure 18 promotes their visibility. Regions of good match, where we expect fibrils from the 
two sides of the interface to interdigitate, are separated by two sets of orthogonal lines. These lines 
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accommodate the relative misorientation (screw dislocations). If we take Figure 18(e), scale it so that 𝜆 ≠ 1 
and overlay it with a plain lattice like Figure 18(e) so that there is no misorientation, we see formation of the 
Moiré pattern shown in Figure 18(g). This pattern has the same symmetry as the one in Figure 18(f) but the 
dislocations have pure edge character. Figure 18(h) shows an example with both lattice spacing mismatch 
and relative misorientation. The resulting Moiré pattern is more complex and need not be aligned in the 
same direction as the underlying lattice. 
Parameters describing the Moiré patterns include its angular orientation 𝛼 and linear density 𝜌. For 
the ridge-channel case, their expression in terms of misorientation angle and relative lattice spacing is [34, 
35]. In Equation 1, Moiré pattern orientation, α, with pattern misorientation angle, 𝜃. 𝜆 describes the relative 
lattice spacing. In Equation 2: Linear density of defects, 𝜌, with channel spacing, a. Pattern misorientation 
angle (𝜃) and relative lattice spacing (λ) are included. 
𝛼 = tan−1 [
sin 𝜃
𝜆 − cos 𝜃
]  (1) 
𝜌 =
1
𝑎
√1 + 𝜆2 − 2𝜆 cos 𝜃   (2) 
 
Figures 19(a) and (b) (below) compare equations (1) and (2), respectively, to measurements.  Note 
that angle 𝜃 is prescribed and relative lattice spacing 𝜆 is measured independently, so the comparison has 
no free or fitting parameter.  The agreement is excellent; for the case in which 𝜆 = 1, we presume that the 
slight difference between experiment and theory arises because it is very difficult to prepare two identical 
samples. Some limiting cases are instructive to consider. If 𝜆 = 1 and 𝜃 is small then 
  2//2tan 1    , i.e., the dislocations always run orthogonal to the ridge direction (pure screw 
dislocation).  Also, Equation 2 reduces to   a/2/sin2   , which is Bragg’s condition [28].  If 𝜃 = 0 (no 
misorientation, perfect alignment) and  1  for 1 , then 0  and a/   (pure edge 
dislocation is the result). 
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     (a)               (b) 
 
          (c)                  (d)  
Figure 19. (a-b) Geometry of dislocation patterns for ridge/channel samples: (a) Angle of Moiré pattern as a 
function of misorientation angle. (b) Density of dislocations as a function of misorientation angle (see legend 
for Figure 19(a)). The lines are predictions given by Equations 1 and Equation 2 with no fitting parameters.   
(c-d) Geometry of dislocation patterns for pillar samples: (c) Angle of Moiré pattern as a function of 
misorientation angle (see (d) for legend). (d) Density of dislocations as a function of misorientation angle.  We 
show two sample pairs with different periodic spacing mismatch. The lines are predictions given by Equation 
6 and Equation 7 (derivation below) with no fitting parameters. 
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To compare quantitatively the 
orientation and linear density of the patterns 
formed for 2D arrangements of pillars, we 
develop a version of Bollman’s zero-lattice 
theory [35], dependant upon the choice of basis 
vectors. Figure 20 shows two square lattices 
(pink and blue), although the model developed 
below applies to any 2D Bravais lattice [27].   
Let the basis vectors of the Bravais 
lattice under consideration be a  and b . If we 
attach an x-y coordinate frame to one lattice point, this means that any other lattice point is accessed by
ba nm  , where m and n are integers (refer back to the discussion in Section 2.1). This can be seen in a 
real magnified surface between complementary square patterned fibrillar surfaces [Figure 21] that aids to 
supplement the argument and serves as a visual supplement the depiction in Figure 20.   
 
Figure 21: Two square Bravais lattices with relative lattice spacing (one sample cured at RT (~25 ℃), one 
sample cured at 100 ℃) and random misorientation angle. Coordinate frame is attached along with a 
vector locating a point in lattice ‘1’ that ends up coinciding with a point in lattice ‘2.’  
 
 
Figure 20. Two square lattices with relative lattice 
spacing and misorientation.  The coordinate frame (x-
y) is attached to and oriented with the first lattice 
(pink), which has lattice spacing a. We seek a vector 
locating a point in lattice ‘1’ that ends up coinciding 
with a point in lattice ‘2’. 
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Our measurements assume that one such discrete point exists and can access another point by 
non-unique primitive lattice vector translation (described previously). For the example of the square lattice 
shown in Figure 20, let the pink lattice be the reference, to which we attach the x-y coordinate frame aligned 
with its lattice directions. The second lattice (in blue), has different lattice spacing and is misoriented with 
respect to the first.  We place the origin where a point each in the two lattices coincide. Let 𝑉 be the vector 
from the origin to a point in the first lattice. The corresponding point 𝑉′ on the second lattice is obtained by 
rotating 𝑉 by angle   and stretching the lattice by 𝜆. This is accomplished by in Equations 3(a) and 3(b). 
These equations shows vector construction applicable to any 2D Bravais lattice where Vx and Vy are x and 
y vectors, respectively.  
{
𝑉𝑥
𝑉𝑦
} =
1
𝜆
[
cos 𝜃 −sin 𝜃
sin 𝜃 cos 𝜃
] {
𝑉𝑥
𝑉𝑦
}
′
 (3(a))   
and 
{
𝑉𝑥
𝑉𝑦
}
′
= 𝜆 [
cos 𝜃 sin 𝜃
− sin 𝜃 cos 𝜃
] {
𝑉𝑥
𝑉𝑦
}  (3(b))  
The end of vector 'V , by construction, lies on the second (blue) lattice but almost always it does 
not lie on the first lattice.  We now impose the condition that the end of 𝑉′ should lie on the first lattice, just 
one lattice spacing away.  That is, we are seeking the vectors 𝑉 and 𝑉′ such that their difference is the 
nearest-neighbor lattice vector.  If we find these vectors, then the inverse of the magnitude of 𝑉′ will be the 
linear density of the Moiré pattern and its orientation in the x-y coordinate will be the orientation of the 
pattern.  Let the lattice vector be jia yx aa  , where 𝑎𝑥 and 𝑎𝑦 need not be integers. A square 
arrangement of pillars has two such vectors, ji aa  and,  (see Table 1 for graphic depiction of all the 2D 
Bravais lattices). Then, using Equations 3(a) and 3(b) for this basis vector, the condition to be satisfied is 
given in Equation 4 (condition for basis vector agreement): 
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{
𝑉𝑥
𝑉𝑦
}
′
= {
𝑉𝑥
𝑉𝑦
} + {
𝑎𝑥
𝑎𝑦
} =
1
𝜆
[
cos 𝜃 − sin 𝜃
sin 𝜃 cos 𝜃
] {
𝑉𝑥
𝑉𝑦
}
′
+ {
𝑎𝑥
𝑎𝑦
} 
→ {
𝑉𝑥
𝑉𝑦
}
′
= [[𝐼] −
1
𝜆
[
cos 𝜃 − sin 𝜃
sin 𝜃 cos 𝜃
]]
−1
{
𝑎𝑥
𝑎𝑦
} 
𝜆
𝜆2 + 1 − 2𝜆 cos 𝜃
{
𝑎𝑥𝜆 − 𝑎𝑥 cos 𝜃 − 𝑎𝑦 sin 𝜃
𝑎𝑦𝜆 − 𝑎𝑦 cos 𝜃 − 𝑎𝑥 sin 𝜃
} (4) 
𝜌 =
1
√𝑉𝑥
′2 + 𝑉𝑦
′2
=
1
𝑎𝜆
√𝜆2 + 1 − 2𝜆 cos 𝜃  (5(a)) 
where 𝑎 = √𝑎𝑥2 + 𝑎𝑦2 
𝛼 = tan−1 [
𝑉𝑦
′
𝑉𝑥
′] = tan
−1 [
𝑎𝑥𝜆 − 𝑎𝑥 cos 𝜃 − 𝑎𝑦 sin 𝜃
𝑎𝑦𝜆 − 𝑎𝑦 cos 𝜃 − 𝑎𝑥 sin 𝜃
] (5(b)) 
Equation 5(a) shows the linear pattern density and Equation 5(b) describes the Moiré pattern 
orientation. Now, for the square lattice, 0;  yx aaa  or aaa yx  ;0 . Then, there are two sets of 
orientations corresponding to two sets of mutually orthogonal directions. Equations 6(a) and 6(b) express 
the Moiré pattern orientation with respect to x-direction [Equation 6(a)] and y-direction [Equation 6(b)]. 
These directions are mutually orthogonal. 
𝛼𝑥 = tan
−1 [
sin 𝜃
𝜆 − cos 𝜃
] (6(a)) 
𝛼𝑦 = tan
−1 [−
𝜆 − cos 𝜃
sin 𝜃
] (6(b)) 
𝜌 =
1
𝑎𝜆
√1 + 𝜆2 − 2𝜆 cos 𝜃   (7) 
Equation 7 shows the dislocation density along each of the mutually orthogonal directions. Note: the 
comments regarding the limit of pure edge and pure screw dislocations mentioned after Equations 1 and 2 
also apply here.  Figure 19(c) and Figure 19(d) shows that Equations 6(a), 6(b) and 7 are in excellent 
agreement with experiments, again with no fitting parameters.   
The general result, Equation 5(a), Equation 5(b) applies to any of the five 2D Bravais lattices [27]: 
square, rectangular, centered rectangular, hexagonal (rhombic), and oblique with appropriate choice of 
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lattice vectors.  For example, a hexagonal lattice will have a pattern with three sets of parallel lines (see 
videos in Supporting Information – Videos (pg. 54). Table 1, Table 2 (pg. 52), and Table 3 (pg. 53) provide 
the details needed to apply Equation 5(a) and Equation 5(b) for any 2D Bravais lattice.  
 Our generalization gives us an ability to predict the resultant Moiré patterning from any of these 
interactions provided the substructure is known.  
We have previously shown [24, 28] that adhesion can be very significantly enhanced compared to 
that of a flat control due to friction and crack trapping and use those results for the calculation below. We 
study the effects of defects on adhesion of complementary ridge/channel surface structures and we can 
combine and illustrate the utility of our results and develop a means to determine the effective work of 
adhesion. Figure 22 shows some of the images used [Figure 16] and how these patterns are used to form 
a mathematical argument [Equation 8].  
 
Figure 22: Complementary ridge/channel structures interacting with difference in periodicity. Defects result 
with original data and defect line drawn in red with a hypothetical crack introduced. A cartoon of this with a 
crack introduced is shown in Figure 23.  
 
 We redraw Figure 22 with a crack introduced to make the visualization of results more clear [Figure 
23].  
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      (a)           (b)                                      
Figure 23: (a) Depiction of hypothetical crack propagating along the length of a sample with dislocation 
lines drawn in the bonded region. (b) Defects drawn in non-bonded region with defect misorientation angle 𝛼 
shown as well as crack length change 𝑑𝑥 and bonded region length 𝑥 depicted. 𝑅𝑜 Is the characteristic 
defect distance. 
 
Using Figure 23 and previous results [28], we propose the following:  
𝑊𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 𝑁𝑊𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛  (8) 
In Equation 8, 𝑊𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒  is the effective work of adhesion in the absence of dislocations. 𝑊𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛 is the 
work of adhesion of a flat control interface. 𝑁 is an adhesive enhancement factor that depends on 
micropatterning interactions and parameters. Its value can range from 1 (no adhesive increase relative to 
flat control) to 30 (high adhesive enhancement relative to flat control).  
Adhesion is reduced at an interface with some misorientation or periodic spacing difference. This 
is because the energy stored in the resulting array of dislocations aids interfacial crack growth [27, 36]. This 
effect is depicted in Figure 23(b). For simplicity, we restrict our attention to the case where 1 , i.e., 
dislocations all have pure screw character.   
As we have shown previously [28], the energy of a dislocation per unit length can then be 
approximated as Equation 9.  
𝛹𝑠 =
𝐺𝑎2
4𝜋
𝑙𝑛
𝑅𝑜𝑒
3
2
𝑅𝑐𝑜𝑟𝑒
  (9) 
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Equation 9 shows the defect strain energy per unit length. Because our strain energy per unit length 
is dependent upon the number of defects present as we introduce a separation in the material, like a 
propagating crack, we refer back to Equation 8, Figure 22 and Figure 23 to aid the following argument. We 
find that the distance moved, 𝑑𝑥, relates to our dislocation density, 𝜌. Multiplying 𝛹𝑠 [Equation 9] by 𝜌 gives 
defect strain energy per unit area and decreases 𝑊𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒. In Equation 9, 𝐺 is the shear modulus of 
PDMS, 𝑎 is the magnitude of the Burgers vector, 𝑅𝑜 is the characteristic defect distance and 𝑅𝑐𝑜𝑟𝑒 is span 
of the dislocation core.  
A defect structure has a length of approximately 2𝑅𝑜 and is equal to the periodic spacing of the 
dislocations, which we have shown to be 
1
𝜌
. The span of the dislocation core, 𝑅𝑐𝑜𝑟𝑒, is Equation 10.  
𝑅𝑐𝑜𝑟𝑒 =
𝐺𝑎2
4𝜋𝑊𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛
  (10) 
Considering that a careful determination of the mechanics within the dislocation core is difficult, we can 
understand the entire region where we actually have some work due to adhesion is the difference between 
the defect distance and the core region. Therefore, only some fraction of the sample area that is in the 
bonded region is actively contributing to the work of adhesion. We include the ratio  
𝑅𝑐𝑜𝑟𝑒
𝑅0
 to account for the 
fraction of the defect distance that is part of the dislocation core with a maximum value of 1. A ratio of zero 
indicates perfect alignment and maximal effective work of adhesion relative to flat control will result. We 
represent this assertion with the term (1 −
𝑅𝑐𝑜𝑟𝑒
𝑅0
). We combine these properties and propose: 
𝑊𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 𝑁𝑊𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛(1 −
𝑅𝑐𝑜𝑟𝑒
𝑅0
) − 𝜌𝛹𝑠 (11) 
Equation 11 gives the effective work of adhesion (𝑊𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒). 𝑊𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒  is the difference between work of 
adhesion and defect strain energy (now both per unit area). We continue beginning with Equation 11.  
W𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 𝑁𝑊𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛(1 −
𝑅𝑐𝑜𝑟𝑒
𝑅0
) − 𝜌𝛹𝑠 (11) 
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→ 𝑊𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 𝑁 ∙ (1 −
𝑅𝑐𝑜𝑟𝑒
𝑅0
) ∙ 𝑊𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛 −
𝐺𝜌𝑎2
4𝜋
ln (
𝑒
3
2
4𝜌𝑅𝑐𝑜𝑟𝑒
) 
→ 𝑊𝑒 𝑢𝑠𝑒 𝐹𝑖𝑔𝑢𝑟𝑒 23 𝑎𝑛𝑑 𝑠𝑚𝑎𝑙𝑙 𝑎𝑛𝑔𝑙𝑒 𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑜𝑢𝑟 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡𝑠 
→ 𝑊𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 ≈ 𝑁 ∙ 𝑊𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛 −
𝐺𝑎𝜃
4𝜋
(1 + ln (
𝑒
3
2
4𝜌𝑅𝑐𝑜𝑟𝑒
)) 
𝑊𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 ≈ 𝑁 ∙ 𝑊𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛 −
5𝐺𝑎𝜃
8𝜋
 (12) 
Equation 12 shows the effective work of adhesion where small angle approximation is used for 𝜃 which is, 
again, the misorientation angle.  
Taking typical values of the parameters to be 𝑊𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛= 0.05 
𝐽
𝑚2
, G=2 MPa, 𝑎 =30 um and N=30. 
Taking the effective work of adhesion to be zero (where there will be no resulting adhesion), we find a 
misorientation angle of approximately 7.2°. This is in good agreement with experiment [28] and some 
cursory testing to see where no Moiré patterning would form or adhesion would be observed. The geometric 
results discussed and developed can be used to predict the orientation dependence and selectivity of 
adhesion.  
 Further testing can be used to measure the same defect effects on the various Bravais lattice 
fibrillar pattern interactions as well. If we introduce a displacement wedge at an adhered interface using a 
wedge, a crack will propagate to some equilibrium point [Figure 23] based on the pressing force and size 
of the wedge inserted. 𝑊𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒  can be calculated as a function of the force and length parameters of the 
wedge and the crack length. Once the release rate equals the energy release rate occurring by debonding, 
energy release at the crack front will become zero, indicating the final position of the crack. An increase in 
the stored work of adhesion (𝑊𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛) will correspond to a decreased crack length; the amount of energy 
stored per unit length will be greater for a sample set with highly enhanced adhesion. Though there are 
some limitations in terms of the geometry and size dependence of these soft material surface architectures, 
this technique has been used reliably in the past to measure work of and effective adhesion [24].  
We suspect a crack-trapping model may not account for all of the adhesive augmentation relative 
to flat control (for ridge/channel structures) or for other surface architectures. There may be some additional 
40 
 
mechanisms, such as frictional forces between sample interfaces that are overcome with placement and 
must be taken into account upon release of the PDMS interactions. We aim to get an understanding of the 
effective adhesion, work of adhesion, and friction for very small angle considerations using a set up 
discussed in Chapter 3. 
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CHAPTER 3 
Frictional and Adhesive Properties of Fibrillar Surface 
Interactions 
3.1 Introduction 
 Enhancing adhesion, friction, and selectivity between complementarily micropatterned surfaces 
has the potential for application in functional materials. As stated previously, many of these complementary 
surface structures exist already in many biological systems [1, 2] and can functionally act to influence 
mechanical properties. Specifically, complementary fibrillary surface interactions can increase or decrease 
adhesion, friction, and selectivity relative to flat control due to surface deformations and interactions. 
 Drastically increased effective surface area is a feature of fibrillar structures and surfaces in 
general. Fibrillar systems already exist in the intestinal walls and these act to increase the effective surface 
area to maximize the efficiency of food metabolism. For our purposes, these fibrillary structures may 
maximize the area of the interacting complementary surfaces significantly more so than between flat 
controls. An energetic storage in the form of adhesion and increased resistance to sliding are desirable 
qualities and may make for very small, high-level functional materials that have effective areas of surficial 
interactions much higher than by flat, similarly sized analogs. A combination of these properties with the 
geometric understanding shown previously may make for many practical industrial uses, such as dry 
adhesives in aqueous environments.   
 A main consideration when choosing to study these complementary fibrillar surface structures is 
the selectivity of their interactions. For ridge-channel structures studied in the past, highly specific shape 
complementarity and structural recognition are necessitated [24, 28]. Discussed previously, defects are 
visibly produced when there is misalignment between the patterned surface structures. Again, these defects 
occurring consistently manifest themselves as dislocations and produce visible, predictable, and 
measurable bands without the use of a microscope. The presence of the visible defect bands indicates that 
the microstructures are not perfect aligned or perfectly ‘complementing’ one another and distortion is 
necessitated. This could be due to a variety of reasons, though the presence of these dislocations indicates 
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that frictional and adhesive properties may be modified and may produce predictable patterning that can 
then be used to predict these properties in the future just based off of visual evidence. 
 Fibrillar surface architectures provide significant interest due to the size scale of their individual unit 
cells. For the ridge/channel structures described previously, an individual ‘unit cell’ could not easily be 
described mutually exclusively in 2D. The ridge/channels themselves would have only 1 dimensional 
independence which directly leads to the results of Equation 12 in Chapter 2. Therefore, full 180° rotation 
must be achieved before matching Moiré patterning in seen [Figure 16(a-b)]. For the fibrillar square 
samples, Moiré pattern matching will occur every 45° of rotation but the contact area will change [Figure 
16(c-d)]. This is, of course, assuming appropriate parameter selection of these surface architectures. We 
predict this property greatly increases their adaptability and usability and the periodicity, length, and 
stiffness of the fibrils will affect their. Study of this phenomenon for complementary surfaces of all of the 
Bravais lattices could be done as a function of careful parameter selection that was discussed in Chapter 
2.   
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3.2 Methods and Materials 
 Since it is known that the curing time and ratio of base to curing agent can affect the modulus of 
soft materials [32, 37], we can easily adjust these parameters for the experiment. This affects the stiffness 
of the samples. To study the effect of this, we can test a gamut of moduli with controls and find mechanical 
properties that result from their interactions.  
Of course, this is not the only parameter than can be controlled for or adjusted. We showed that 
we can control periodicity with cure temperature control up to some degree. The densities of these fibrillar 
samples can then be modified. We can also control for the actual Bravais lattice patterning itself and length 
of fibrils through the wafer fabrication process. We can follow procedures described in Chapter 2.2 for the 
fabrication of these sample materials. We can adjust the modulus of the samples interacting and proceed 
using a modified set up for the study of complementary Bravais lattice surface interactions.  
 
Figure 24: Photograph of set up for motorized control of placement of samples for measurement of surface 
properties. Enough room is left for microscope measurements to occur from above or the same 8 MP 
camera in Figure 13.  
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 The testing set-up shown in Figure 24 allows for the motorized control in both vertical and horizontal 
directions. Therefore, we can measure the displacement and resulting strain due to these surficial 
interactions. Very careful testing occurring at a slow rate can be measured by strain gauge and surficial 
interactions can easily be seen under camera and microscope [Figures 15-17, Figure 21]. This will allow 
for rapid, repeated testing using a variety of fabricated soft material samples. Using this experimental set-
up, we can then test under a wider variety of experimental conditions.  
 
Figure 25: Photograph of modified top sample holder for use with set-up pictured in Figure 24.  
 
For very long fibrils or very soft materials, flexibility will be an important part of the consideration. 
Buckling may occur upon interactions with a wide array of surfaces. This can include the significant bending 
of a single fibril (and, in a sample, many fibrils) just coming into brief contact with an opposing surface. This 
will significantly hinder the samples’ ability to adhere to one another. Careful parameter selection for these 
systems will be crucial if any of the previously described means of adhesion enhancement are to occur. 
The particular set-up [Figure 24] will provide a means to study these interactions. Then, study of different 
Bravais lattices interacting with various surface and fabrication parameters can be done.  
Aqueous (or other solvent) testing of these surficial interactions can be accomplished using this 
set-up with mild modifications. By modifying a sample holder (the blackened plate that holds the bottom 
sample) with glass affixed with an impermeable glue or soldering small walls on the side and covering its 
attachment hole, solvent can be added in a small amount submerging the surficial interaction between 
samples. The modification (or something similar) pictured in Figure 25 can then be added in place of the 
fork that holds the top sample in Figure 24. The PDMS strips can interact in this manner and measurements 
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for adhesion and friction between these samples and an understanding of how these mechanical properties 
are affected by environmental change, such as testing in an aqueous environment. An important 
consideration of this is, however, that the gelatins used (fabrication procedure described in Chapter 2.2) is 
mostly water, and may be solvated. Another polymer may be used that is more hydrophobic (though still 
optically clear), such as an epoxy blend. Results of these findings would be extremely important for the 
understanding of these material designs, parameter selections and for potential applications.  
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Chapter 4 
Conclusion 
We studied how misorientation and lattice spacing mismatch between two nominally shape-
complementary surfaces is accommodated by the formation of arrays of defects.  Specifically, we studied 
a 1D structure comprising ridges and channels and a 2D structure with fibrils on the surface arranged in a 
square pattern. We found that in 1D defects form as an array of lines. In ridge/channel sample regions 
between the defects, ridges penetrate into the channels while the defects accommodate relative 
misorientation and lattice mismatch. When the lattice parameter on the two sides is identical, dislocations 
take on pure screw character and run orthogonal to the ridge direction. When there is no misorientation 
though there is lattice mismatch, the dislocations take on pure edge character and run parallel to the ridges. 
In general, dislocations have mixed edge and screw character. The density and orientation of the dislocation 
defects can be predicted accurately by computing the Moiré pattern of the structures on the two sides of 
the interface. For the 2D lattice, we observe two orthogonal arrays of defects. As in the 1D case, pure 
misorientation results in screw dislocations whereas pure lattice mismatch is accommodated by edge 
dislocations. Again, the density and orientation of the defect structure can be accurately predicted by 
calculating the Moiré pattern, and further properties may be predicted just based on visual inspection. This 
information may provide evidence answering previously proposed questions for quick geometric estimate 
of the adhesive and frictional properties of the soft material interface greatly increasing the efficiency of 
such experiments or experiments that rely on the frictional or adhesive properties of soft, optically clear 
materials.  
These dislocations play a critical role in determining the properties of the nominally shape-
complementary interface, and we have provided a means to understand the interfacial properties based on 
the geometry using complementary 2D Bravais lattices. More broadly, our system represents a method by 
which mesoscale dislocations of arbitrary edge and screw character can be created in soft materials at the 
length scale of tens of microns. Because these are easily observed optically, this system can be used to 
study dislocations and their influence on surface mechanical properties. This provides a means of 
answering the question of whether or not the soft material surface architecture will accommodate slight 
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differences in surface periodicity and angular misalignment. There is now a means to study these due to 
careful angular control over a wide variety of multidimensional positioning.  
A careful understanding of adhesion, friction, selectivity and geometry of these surface architecture 
structures can provide us with a great deal of information regarding the mechanic properties of these 
complementary interfaces. Control of these properties can be achieved independently of any surface 
chemistry, surface charges, or wet adhesive assistances. This leads to a wide variety of applications.  
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Supporting Information 
Supporting Information – Supplemental Bravais Lattice Tables (Table 2-3) 
2D Bravais 
Lattice 
Spacing 
Length (𝑎) 
Spacing 
Length 
(𝑏) 
Angle (𝜑) 
Square 𝑎 𝑎 90° 
Rectangle 𝑎 𝑏 90° 
Rectangle/ 
Parallelogram 
𝑎 𝑎, 𝑏 cos−1
𝑎
2𝑏
 
Regular 
Hexagon/ 
Rhombus 
𝑎 𝑎 60° 
Oblique 𝑎 𝑏 𝜑 
Table 2: Spacing of respective sides and angles of 𝜑 corresponding to those labeled in Table 1. 
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2D Bravais Lattice 𝑎𝑥 𝑎𝑦 𝑏𝑥 𝑏𝑦 
Square 𝑎 0 0 𝑏 
Rectangle 𝑎 0 0 𝑏 
Rectangle/ 
Parallelogram 
𝑎 0 
𝑎
2
 𝑏√1 −
𝑎2
4𝑏2
 
Regular 
Hexagon/Rhombus 
𝑎 0 −
𝑏
2
 
𝑏√3
2
 
Oblique 𝑎 0 𝑏 𝑐𝑜𝑠 𝜑 𝑏 𝑠𝑖𝑛 𝜑 
Table 3: Length parameters for given 2D Bravais lattice cells.  
The oblique result produces the most generalized result and all other patterns can be considered a special 
case of this result (with appropriate selection of parameters). 
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Supporting Information - Videos 
RT100_RidgeChannel_10s.avi 
10 second video showing Moiré pattern formation for ridge/channel patterned samples: one cured at 
room temperature (RT) and one cured at 100 C leading to difference in ridge/channel periodicity.  
RT100_RidgeChannel_Full_Cycle_Video.avi 
Full video showing Moiré pattern formation for ridge/channel patterned samples: one cured at room 
temperature (RT) and one cured at 100 C leading to difference in ridge/channel periodicity. 
RTRT_RidgeChannel_10s.avi 
10 second video showing Moiré pattern formation for ridge/channel patterned samples: both cured at 
room temperature (RT) with equal ridge/channel periodicity. 
RTRT_RidgeChannel_Full_Cycle_Video.avi 
Full video showing Moiré pattern formation for ridge/channel patterned samples: both cured at room 
temperature (RT) with equal ridge/channel periodicity. 
RT100_Hex_10s.avi 
10 second video showing Moiré pattern formation for hexagonal/rhombic patterned samples: one cured 
at room temperature (RT) and one cured at 100 C leading to difference in periodicity. 
RT100_Hex_Full_Cycle_Video.avi 
Full video showing Moiré pattern formation for hexagonal/rhombic patterned samples: one cured at room 
temperature (RT) and one cured at 100 C leading to difference in periodicity. 
RTRT_Hex_10s.avi 
10 second video showing Moiré pattern formation for hexagonal/rhombic patterned samples: both cured 
at room temperature (RT) with equal hexagonal/rhombic periodicity.  
RTRT_Hex_Full_Cycle_Video.avi 
Full video showing Moiré pattern formation for hexagonal/rhombic patterned samples: both cured at room 
temperature (RT) with equal hexagonal/rhombic periodicity. 
RT100_Square_10s.avi 
10 second video showing Moiré pattern formation for square patterned samples: one cured at room 
temperature (RT) and one cured at 100 C leading to difference in square periodicity. 
RT100_Square_Full_Cycle_Video.avi 
Full video showing Moiré pattern formation for square patterned samples: one cured at room temperature 
(RT) and one cured at 100 C leading to difference in square periodicity. 
RTRT_Square_10s.avi 
10 second video showing Moiré pattern formation for square patterned samples: both cured at room 
temperature (RT) with equal square periodicity. 
RTRT_Square_Full_Cycle_Video.avi 
Full video showing Moiré pattern formation for square patterned samples: both cured at room temperature 
(RT) with equal square periodicity. 
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Supporting Information – Photograph of set-up used in Chapter 2 
 
    Figure 26: Photograph of Figure 6 schematic. 
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